This research focused on detecting the expressions of RhoA and cyclooxygenase-2 (COX-2) proteins in early gastric cancer tissues and to explore their role in the development of gastric cancer.
Background
Gastric cancer is among the most common cancers of the digestive tract throughout the world. In China, there are about 300,000 newly diagnosed cases of gastric cancer every year, accounting for a third of the world's total newly diagnosed cases of gastric cancer [1] . It is reported that the 5-year survival can reach up to 90% for early gastric cancer and only 16 .6% for advanced gastric cancer [2] . Early diagnosis and treatment are important to securing good outcomes. In spite of advances in endoscopy and improved rates of early diagnosis of gastric cancer, only 10% of patients with early gastric cancer are accurately diagnosed in China [3] . There is an urgent need to identify molecular markers closely associated with the occurrence and development of early gastric cancer in order to improve the diagnosis of early gastric cancer.
RhoA is a member of the Ras homology family of small GTPases and considered to be closely associated with cancers. RhoA protein is upregulated in a variety of tumor tissues [4] . Cyclooxygenase-2 (COX-2) is a key enzyme in prostaglandin synthesis and its expression can be induced by many growth factors and proinflammatory cytokines; moreover, COX-2 is found to be upregulated in many cancers [5] . Research [4] [5] [6] shows that RhoA and COX-2 proteins are upregulated in many cancers and closely associated with the development of cancers, but the knowledge is limited as to their role in early gastric cancer. This study detected the RhoA and COX-2 expressions in surgically resected gastric cancer tissues and the paired normal paracancerous tissues from 26 patients with early gastric cancer. Their role in the development of gastric cancer was tested via different cell experiments.
Material and Methods

Specimens
Surgically resected gastric cancer tissues were collected from 26 patients with early gastric cancer (infiltration of gastric mucosa confined to the mucosal layer and/or submucosal layer) from January 2015 to November 2015. As a control, the normal gastric mucosa (5 cm from the paracancerous tissues) was collected from 26 cases. All of the cases, including 16 males and 10 females (aged from 34 to 72 years, with a mean of 51.3±10.2 years), had not received radiotherapy or chemotherapy before operation. All gastric cancer patients were diagnosed with stage T1, including seven cases of T1a stage and 19 cases of T1b stage.
Reagents
Gastric cancer cell line MGC-803 was purchased from American Type Culture Collection (ATCC). RhoA-silenced A6-B9 cells and COX-2-silenced D7-B8 were prepared by ourselves. Tissue RNA extraction kit was purchased from Tiangen Biotech (Beijing) Co., Ltd. Reverse transcription kit was purchased from Fermentas. Semi-quantitative PCR kit was purchased from ThermoFisher. Rabbit polyclonal antibodies against RhoA and COX-2 were purchased from Santa Cruz. Goat anti-rabbit polyclonal antibodies were purchased from Shanghai Pufei Biotechnology Co., Ltd. Rabbit immunohistochemistry staining kit was purchased from Shanghai Yanji Biotechnology Co., Ltd.
RT-PCR detection of mRNA expressions of RhoA and COX-2
Total RNA was extracted from heart tissue using the tissue RNA extraction kit and the RNA concentration was determined. Then 1,000 ng of cDNA was synthesized from the extracted RNA using the reverse transcription kit (20 uL system), and 20 uL of MilliQ water was added. Semi-quantitative RT-PCR was performed using the synthesized cDNA as template. PCR primers for RhoA and COX-2 were designed using the NCBI tool Primer-BLAST, as shown in Table 1 . Next 10 uL of PCR product was analyzed by 1.5% RNA-PAGE (12 V, 15 minutes). The gel was imaged using the Bio-Rad imager. The data were analyzed using the Quantity One software, and the relative expression levels of the target genes were calculated with respect to the b-actin gene.
Immunohistochemistry detection of RhoA and COX-2 proteins
Immunohistochemical staining was performed by adding the primary antibodies according to the instruction of immunohistochemical staining kit. For negative control, PBS was added instead. Ten fields of view were randomly selected for each slice under 400x magnification. The positive areas of RhoA and COX-2 (S value) and the mean optical density (OD) values were calculated.
Cell cloning assay
Into the 6-well plate 2×10 3 cells/mL were inoculated with 2 mL in each well. The culture medium was replaced every three days for about three weeks. The culture was terminated when visible clones appeared in the wells, and then the supernatant was collected. The cells were washed with PBS twice and fixed in 4% formaldehyde for 15 minutes, and then the supernatant was collected. Staining with 0.25% crystal violet was performed for 25 minutes and the cells were slowly washed with sterilized water. After that, the cells were dried on the sterile ultra-clean bench, photographed and counted.
Streaking assay
Into the 6-well plate, 2×10 3 cells/mL were inoculated with 2 mL in each well. The plate was streaked on the next day using the pipette perpendicularly. The cells were washed with PBS three times to remove the streaked cells, and serum-free medium was added. The plate was then placed into a 5% CO2 incubator at 37°C for 24 hours. The colonies were photographed.
Statistical method
Statistical analyses were performed using SPSS 19.0 software. The mRNA and protein expressions of RhoA and COX-2 in the cancer tissues and paracancerous tissues were compared using the paired t-test; p<0.05 indicated significant difference.
Results mRNA expressions of RhoA and COX-2
The mRNA expressions of RhoA and COX-2 were significantly higher in gastric cancer tissues than in normal paracancerous tissues (p<0.05) (Table 2, Figure 1 ).
Protein expressions of RhoA and COX-2
The positive areas (S value) and average OD values were calculated for RhoA and COX-2 within 10 randomly selected fields of view for each slice (400× magnification). It was found that the S values and average OD values of gastric cancer tissues were significantly higher than those in the normal paracancerous tissues (p<0.05) (Table 3, Figure 2 ).
Effects of RhoA and COX2 on the proliferation and migration capacities of the gastric cancer cells According to the results of cell cloning assay and streaking assay on the MGC-803 cells, RhoA-silenced A6-B9 cells and COX-2-silenced D7-B8 cells, the number of clones of A6-B9 cells and D7-B8 cells was considerably lower than that of MGC-803 cells (p<0.05). Moreover, the migration capacity of A6-B9 cells and D7-B8 cells was greatly reduced as compared with the MGC-803 cells (p<0.05) (Figures 3, 4) .
Discussion
RhoA encodes for a small GTPase protein and acts as a cancer-promoting gene by regulating the intracellular signal transduction. It has been established [7, 8] that RhoA upregulation is closely related to the progression, prognosis, and treatment of many cancers. One recent study indicated [9] that RhoA was upregulated in 87 cases with diffuse gastric cancer and non-synonymous mutation of RhoA was detected in 25.3% of cases (22/87), from which the increased proliferation and invasion capacities of cancer cells were derived. According to Xu et al., [10] an important role in the apoptosis of gastric cancer cells, and inhibiting this pathway can promote the apoptosis of cancer cells. Therefore, RhoA/ROCK signaling pathway may serve as the potential target of gastric cancer treatment [11, 12] . The aforementioned facts all imply the close connection between RhoA upregulation and the development of gastric cancer. Among 26 cases with early gastric cancer in our study, RhoA mRNA expressions, S values, and OD values in immunohistochemical staining were significantly higher in the gastric cancer tissues than in the normal paracancerous tissues (p<0.05). Luo et al. [13] detected RhoA expression in the gastric cancer tissues based on TNM classification and found that the positive expression rate of RhoA was 66.4%.
COX protein, also known as prostaglandin-endoperoxide synthase, has double functions, namely, cyclooxygenase and catalase activity. It is the key enzyme in the catalytic conversion of arachidonic acid into prostaglandin. There are two isoenzymes of COX, COX-1, and COX-2, and the former is the structural isoenzyme. COX-1 is mainly found in the stomach and kidney and involved in the regulation of vasomotion, gastric mucosal blood flow and kidney functions. It can help protect the gastrointestinal mucosa and regulate platelet aggregation, peripheral vessel resistance, and kidney blood flow distribution [14] . COX-2 is the induced isoenzyme. Chemical, physical, and biological injuries can activate the hydrolysis of membrane phospholipids by phospholipase A2, producing arachidonic acid, which is then catalyzed into prostaglandin. COX-2 is proved crucial to the inflammatory response [15] [16] [17] . We found that the S values and OD values of COX-2 mRNA in early gastric cancer tissues were significantly higher compared to the normal paracancerous tissues (p < 0.05). Under normal circumstances, COX-2 is not expressed, but only expressed under the stimuli from oncogenes, cancer-promoting genes, and cancer-promoting factors. Excess upregulation of COX-2 can inhibit the apoptosis of cells and facilitate the formation of cancer cells [18] . Furthermore, COX-2 upregulation can lead to increased activity of free radicals in cells, thus increasing the risk of gene mutations and canceration. Mishra et al. [19] confirmed that COX-2 was significantly differentially upregulated in gastric cancer tissues with different differentiation degree. This means COX-2 may be a potential marker for the diagnosis and classification of gastric cancer.
RhoA and COX-2 may also be significant by increased metastatic lymph node ratio [20, 21] .
Further assays indicated that silencing of RhoA and COX-2 caused a significant decline in the proliferation and migration capacities of the gastric cancer cells, respectively (p<0.05). Invasion and migration are among the main features of cancer cells and also the root causes of failed treatment or death of cancer patients [22] . ROCK protein is one of the most important effectors of RhoA proteins and can regulate actin, a major component of the cytoskeleton. This is the mechanism of ROCK protein regulating cell morphology, G1/S transition and cell migration. RhoA can also regulate cell migration through another downstream effector, mDia. Activated mDia can cause the actin monomers to orient with their cleft towards the same end of the filament. Activated mDia can induce the elongation of actin filaments and facilitate cell migration by inhibiting the binding to the actin capping proteins. As analyzed above, COX-2 upregulation can inhibit cell apoptosis and increase the probability of normal cells turning into cancer cells through mutation. For this reason, COX-2 upregulation is favorable for the proliferation and migration of gastric cancer cells.
Conclusions
Both RhoA and COX-2 are upregulated in early gastric cancer tissues, which facilitates the proliferation and migration of gastric cancer cells. RhoA and COX-2 may be used as potential markers for the diagnosis of early gastric cancer.
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